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The local distance ladder measurement of the Hubble constant requires a connection between geometric
distances at low redshift and Type Ia supernovae in the Hubble flow, which may be achieved through either the
Cepheid period–luminosity relation or the luminosity of the Tip of the Red Giant Branch (TRGB) feature of the
Hertzsprung–Russell diagram. Any potential solution to the Hubble tension that works by altering the distance
ladder must produce consistency of both the Cepheid and TRGB H0 calibrations with the CMB. In this paper
we extend our models of screened fifth forces [1] to cover the TRGB framework. A fifth force lowers TRGB
luminosity, so a reduction in inferred H0 requires that the stars that calibrate the luminosity—currently in the
LMC—are on average less screened than those that calibrate the supernova magnitude. We show that even under
pessimistic assumptions for the extinction to the LMC, full consistency with Planck can be achieved for a fifth
force strength in unscreened RGB stars ∼0.2 that of Newtonian gravity. This is allowed by the comparison of
Cepheid and TRGB distance measurements to nearby galaxies. Our results indicate that the framework of [1] is
more versatile than initially demonstrated, capable of ameliorating the Hubble tension on a second front.
I. INTRODUCTION
The ΛCDM model has been hugely successful at explaining
cosmological observations, but, as data has become more pre-
cise, tensions have begun to appear. The most statistically sig-
nificant currently is the Hubble tension: low-redshift probes
of the universe’s present expansion rate H0 prefer higher val-
ues than the cosmic microwave background (CMB). A debate
is now underway as to whether this discrepancy signals new
physics at play in the universe (e.g. see [2, 3] and references
therein).
In previous work [1, hereafter D19], we showed that exten-
sions of General Relativity (GR) that incorporate a screened
fifth force include a mechanism for lowering the Hubble con-
stant measured through the local distance ladder. The idea is
that differences in the masses or environmental densities of the
galaxies used to calibrate the Cepheid period–luminosity rela-
tion (PLR) vs those that use the PLR to determine supernova
Ia (SN) luminosity can generate different fifth force strengths
within the corresponding sets of Cepheids. We described how
a fifth force shifts the PLR from the Newtonian relation, and
hence biases H0 high if the calibration Cepheids are screened
while some fraction of the cosmological ones are not. In some
models this reduces the tension with Planck from 4.4σ to
∼2σ. This improvement is limited by the consistency of dis-
tance measurements to galaxies though either the Cepheid or
TRGB method, as we discuss further below.
Cepheids currently provide the most precise measurement
of H0 in the local universe [4–6] (hereafter R16, R18, R19),
but a growing number of other low-redshift probes have pro-
duced H0 values different to the Planck result of 67.4±0.5 km
s−1 Mpc−1. These include calibration of the distance ladder
by means of the TRGB feature [7, 8, hereafter F19 and F20]
or Mira variables [9] rather than Cepheids, distance measure-
ments from megamasers [10] or strong lensing time delays
∗ harry.desmond@physics.ox.ac.uk
† sakstein@hawaii.edu
[11, 12], γ-ray attenuation [13], cosmic chronometers [14, 15]
and baryon acoustic oscillations [16–18]. The fact that most
of these prefer values above 67.4 km s−1 Mpc−1 reduces the
likelihood that the Hubble tension is due to systematic error in
low-redshift methods, and instead suggests that new physics
may invalidate direct comparison of values measured at either
end of the universe’s expansion history. Any new physical
mechanism would ideally be capable of reconciling the values
of H0 achieved by all methods; here we undertake this task for
the fifth force model with regard to the difference between the
TRGB measurement and Planck.
The presence of an unscreened fifth force in the hydrogen-
burning shells of RGB stars reduces the TRGB luminosity,
causing the distance to the corresponding galaxy to be over-
estimated if GR is assumed (D19). As a universal shift in
the TRGB absolute magnitude has no net effect on inferred
distances, a modification to the inferred H0 requires differ-
ent screening on average in the calibration and cosmological
samples. The current TRGB calibration of the distance ladder
uses the Large Magellanic Cloud (LMC) to anchor the TRGB
absolute I-band magnitude MI because its distance is well
known by geometrical methods [19]. Our models in this paper
work by unscreening the LMC—so that MI is biased high—
but screening a significant fraction of the SN host galaxies
that the TRGB feature is used to estimate the distance to. This
causes their distances to be larger than inferred, and hence H0
to be overpredicted.
While the only fundamental requirement for reducing the
TRGB H0 is that the LMC be unscreened, satisfying local
tests of GR requires that the Milky Way (MW; at least at the
position of the Solar System) be screened. Since the MW is
used to calibrate the Cepheid PLR this is required to reduce
the Cepheid H0 too, and in D19 we set the threshold such that
the MW is just screened.1 We use the same screening thresh-
1 The Cepheid PLR is also calibrated with the maser distance to NGC 4258,
but in almost all screening models this is more screened than the MW. We
discuss the LMC calibration of the PLR further in Sec. IV.
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2FIG. 1. Left: True TRGB H0 values in our models as a function of ∆GTRGB/GN. The lines correspond to different screening proxies: halo virial
mass Mvir, HI linewidth W20, galaxy luminosity Lgal, and environmental curvature K, acceleration a and Newtonian potential Φ. The lines
become dashed gray where they enter 5σ tension with the Cepheid vs TRGB distance test (Sec. III B). For the environmental proxies the 0.5,
5 and 50 Mpc apertures are shown by dotted, solid and dotdashed lines respectively. Right: True H0 at the maximum values of ∆GTRGB/GN
allowed by the distance test, separately for each proxy (points with errorbars). By using a smaller ∆GTRGB/GN any value of H0 can be achieved
along the horizontal dashed blue lines. The red and green vertical lines and shaded regions show the best-fit H0 value, and its 1σ uncertainty,
from Planck and Y19 respectively. For the environmental proxies Φ, a and K we show results for a 5 Mpc aperture, but indicate also the result
of using a 0.5 or 50 Mpc aperture with black crosses and stars respectively (the errorbars are similar). Most screening models are fully able to
reconcile Y19 with Planck while maintaining self-consistency of the distance ladder.
olds here, so that our Cepheid results are unaffected. It is
important to note however that, as discussed in detail in D19,
some specific screening mechanisms such as chameleon are
constrained by other probes to such an extent that they are not
able to alter H0 appreciably.
The ΛCDM measurement of H0 through the TRGB fea-
ture is currently the subject of debate in the literature. F19
report H0 = 69.8 ± 0.8 (stat) ±1.7 (sys) km s−1 Mpc−1, or
69.6 ± 0.8 (stat) ±1.7 (sys) km s−1 Mpc−1 using a slightly up-
dated model for the extinction to the LMC (F20). Conversely,
[20, hereafter Y19] argue that F19 significantly overestimate
the LMC extinction, leading to MI larger by about 0.08 mag
and hence a higher H0: 72.4 ± 2 km s−1 Mpc−1. The dis-
crepancies with Planck [21] of the F20 and Y19 results are
1.1σ and 2.4σ respectively. Thus while neither calibration
is strongly discrepant with Planck, they add to the Hubble
tension when combined with the independent Cepheid mea-
surements. There may also be an environment-dependence of
TRGB luminosity in GR due to mass loss and the consump-
tion of nearby planets [22]. We will remain agnostic as to the
true TRGB H0 in GR. However, since the F20 result is al-
ready essentially consistent with the CMB we will prioritise
the Y19 value, simply to show that even in that case our mod-
els can restore consistency. This requires a fifth force strength
∆G/GN ' 0.2 for RGB stars.
The plan of this paper is as follows. In Sec. II we describe
our model for the TRGB feature in the presence of a fifth
force, and our methodology for propagating this into the H0
constraint. In Sec. III we derive the screening properties of the
F19 sample under a variety of models, expand on the Cepheid
vs TRGB distance test as a means of bounding the fifth force
strength in RGB stars, and use this information to determine
the maximum possible effect of our screening models on H0.
The main results are shown in Fig. 1 (see Sec. III C). Sec. IV
describes some caveats of our analysis, discusses our results
in the broader context of the H0 tension and suggests avenues
for further work. Sec. V concludes.
II. METHODOLOGY
Our methodology is similar to D19, to which we refer the
reader for further detail. The overall aim is to calculate a
modified constraint on H0 as calibrated by the TRGB method,
starting from an existing GR calibration (e.g. F20 or Y19) but
taking into account the action of a screened fifth force. We
use the F19 sample comprising 18 SNe in 15 galaxies, plus
the LMC as calibrator (see F19 table 3).
A. Effect of a fifth force on TRGB
A fifth force with range much larger than the size of a
star obeys the inverse-square law and therefore behaves like
a boost to Newton’s constant [23]; we describe its strength by
∆G/GN ≡ (G−GN)/GN. In D19 we ran simulations of TRGB
stars under modified gravity using a modified version of the
Modules for Experimentation in Stellar Astrophysics (mesa)
code [24–27] and found a fitting function for their distance as
3a function of G:
D¯
D
= 1.021
1 − 0.04663 (1 + ∆GGN
)8.3891/2 ≡ K(∆G). (1)
The overbar denotes the “true” value, whereas D is the dis-
tance that would be inferred in GR (i.e. G = GN). For general
∆G > 0, D¯ < D. We will assume that all unscreened objects
experience the same ∆G, as determined in Sec. III B.
B. Determination of screening proxies
The phenomenon of screening implies that only some ob-
jects feel the fifth force, while others experience regular grav-
ity. Screening generally occurs in dense environments, but the
exact quantity that governs it (the “screening proxy”) varies
between models. We investigate the same set of screening
proxies as we did in D19: i) galaxy luminosity Lgal (measured
by visual magnitude MV ), ii) galaxy internal velocity (mea-
sured by HI linewidth W20), iii) halo virial mass Mvir, and
iv) environmental gravitational field. The latter is quantified
by the Newtonian potential Φ, acceleration a or curvature K
sourced by mass within 0.5, 5 or 50 Mpc of the test point. The
only proxy of D19 that we do not include here is the local dark
matter density, ρDM. This is because the locations of the stars
sourcing the TRGB feature within their dark matter halos are
not known.
It is worth bearing in mind that a fifth force can alter both
MV and W20 in unscreened galaxies. While W20 has the rela-
tively mild scaling W20 ∝ (G/GN)1/2, Lgal ∝ (G/GN)3 [28] and
may therefore be a factor ∼2 larger than in screened but oth-
erwise identical galaxies for G/GN ∼ 1.2 as considered here.
The galaxies in our sample span two orders of magnitude in
Lgal, so differences in Lgal are driven by differences in stellar
mass regardless of the screening of main sequence stars. We
have checked explicitly using data from the NASA-Sloan At-
las2 that if Lgal is considered a proxy for the more physical
screening indicator M∗, the screening misclassification frac-
tion is increased only slightly when the G-dependence of Lgal
in unscreened galaxies is included. The majority of theories
screen main sequence stars anyway however, so this effect is
unlikely to be present at all.
For each galaxy in the F19 sample, MV and its uncertainty is
taken from the NASA Extragalactic Database,3 and W20 from
the Extragalactic Distance Database.4−5 Mvir is determined
by using the best-fitting halo abundance matching model of
[29] to link MV to halos in the DarkSky-400 N-body simula-
tion [30]. Uncertainties are given as the standard deviations of
2 http://www.nsatlas.org/data
3 https://ned.ipac.caltech.edu/
4 http://edd.ifa.hawaii.edu/
5 MV is not listed for M66, or W20 for N4526, N1316, N1404 or the LMC.
We fill these data in using linear regression between MV and W20 for the
galaxies where both are measured, and assign the conservative uncertain-
ties ∆MV = 0.4 for M66, ∆W20 = 20 km/s for the LMC, and ∆W20 = 30
km/s for N4526, N1316 and N1404.
the Mvir distribution for each galaxy derived by repeating the
abundance matching 200 times. Φ, a and K, and their uncer-
tainties, are derived from the screening maps of [31] evaluated
at the positions of the galaxies.
C. Effect on H0
Eq. 1 applies for a fixed value of TRGB absolute magnitude
MI . However, if the LMC calibrates the unscreened value,
MunscrI , the screened value is given by
MscrI = M
unscr
I + 5 log(K(∆GLMC)). (2)
An unscreened galaxy (for ∆G = ∆GLMC) has MI = MunscrI
whereas a screened galaxy has MI = MscrI . Since K < 1,
MscrI < M
unscr
I so that distances to screened galaxies are un-
derestimated by a factor K(∆G) when their TRGB magnitudes
are assumed to equal MunscrI , i.e. D¯ = D/K(∆G).
H0 is derived from the Hubble diagram of SNe with ab-
solute magnitude MSN calibrated at low redshift using either
Cepheids or TRGBs. In both cases H0 is calculated as
H0 = 10MSN/5+5+aB km s−1Mpc−1, (3)
where aB is the normalization of the magnitude–redshift re-
lation of the cosmological SNe sample, for which we use the
R16 value aB = 0.713±0.002. Writing this in terms of the SN
apparent magnitude mSN and distance D, the H0 value implied
by galaxy i is
H0,i = 10mSN,i/5+6+aB
pc
Di
km s−1Mpc−1. (4)
Using D¯i = Di/K(∆Gi), the true H0 value is given by
H¯0,i = H0,iKi ; (5)
i.e. H¯0,i < H0,i. As in D19, we assume that in the standard
analysis each galaxy implies the same final value of H0, i.e.
H0,i = HGR0 where H
GR
0 is the overall H0 value at ∆G/GN = 0.
This could be the F20 or Y19 best-fit value (or similar); we
use the Y19 result HGR0 = 72.4± 2.0 km s−1 Mpc−1 because it
is more discrepant with Planck.
For each galaxy, we estimate the uncertainty in the H0 esti-
mate as
∆H20,i = ln(10)
2 (∆m2SN,i/25 + ∆a
2
B) + (∆Di/Di)
2, (6)
where ∆mSN,i and ∆Di are the measurement uncertainties on
mSN,i and Di respectively. These are taken from F19 table 3.6
We assume the same fractional uncertainty on our modified
H0 constraint, i.e. ∆H¯0,i/H¯0,i = ∆H0,i/H0,i. We average the
H¯0,i values over the F19 galaxies weighted by their uncertain-
ties to derive an overall best-fit estimate of H¯0:
H¯0 = HGR0
∑
i Ki∆H¯−20,i∑
i ∆H¯−20,i
. (7)
6 For galaxies with multiple SNe we take an average magnitude uncertainty.
4We then scatter this by ∆HGR0 H¯0/H
GR
0 to account for the un-
certainty on HGR0 .
The final source of uncertainty in H¯0 derives from the de-
gree of screening of the galaxies, due to uncertainties in their
proxy values. To take this into account we repeat the above
procedure 10,000 times, in each case randomly scattering the
proxy values by their uncertainties. This alters which galax-
ies in the cosmological sample are screened, and hence Ki
and H¯0,i. Our final estimate for H¯0, Hˆ0, is the mean of these
10,000 H¯0 values, and the uncertainty ∆Hˆ0 is their standard
deviation. We quantify the resulting tension with Planck as
σH0 ≡ (Hˆ0 − H0,CMB)/(∆Hˆ20 + ∆H20,CMB)1/2.
III. RESULTS
In this section we give the screening properties of the F19
galaxies, upgrade the Cepheid vs TRGB distance test of D19
for limiting the possible fifth force strength, and determine the
TRGB H0 values our models are able to produce.
A. Screening properties of TRGB hosts
In Fig. 2 (Appendix A) we show the screening proxies over
the F19 galaxies as determined by the procedure of Sec. II.
The errorbars show the minimal width enclosing 68% of the
model realisations, the red line with shaded errorbar shows
the value for the LMC, and the dashed magenta line shows the
MW value. We also show in dashed green the average value
over the R16 Cepheid hosts (cf. D19 fig. 3). Galaxies above
the magenta line for a given model are screened in our formal-
ism and therefore contribute to lowering the TRGB H0. We
see that the TRGB hosts are on average more screened than
the Cepheid hosts, following the expectation that Cepheids
tend to be found in young late-type galaxies and TRGBs in
older ellipticals (e.g. F19). This is helpful for allowing our
screening scenario to reduce both the Cepheid and TRGB H0.
The proxy values for the F19 galaxies are also listed in Ta-
bles I and II.
It is important to assess the region of parameter space
in which our framework effectively reduces H0 under both
Cepheid and TRGB calibrations of the distance ladder. Al-
though we perform the calculations for the case in which
the MW is only just screened, our mechanism works for any
screening threshold between the MW and LMC values. This
region may be seen on a proxy-by-proxy basis in Fig. 2: for
some screening models such as the one based on Lgal this al-
lows almost an order of magnitude range in the proxy, while
for others such as those based on the large-scale gravitational
field the viable window is small. This provides insight into
the kind of full screening theory that would be most effective
at lowering the local H0 through our mechanism.
The second column of Table III shows the unscreened frac-
tion of SN host galaxies for each proxy. There is a large varia-
tion between screening models, but in most cases the majority
of hosts are screened. The effect of a screening model on H0
is increased by a smaller unscreened fraction for the SN hosts,
and by a larger allowed ∆G/GN as described below.
B. Maximum ∆G/GN: the Cepheid–TRGB distance test
D19 identified the observable (DCeph − DTRGB)/DTRGB ≡
∆D/D as useful for providing an upper bound on fifth force
strength. This is because a GR-based analysis underestimates
DCeph and overestimates DTRGB in the presence of a fifth
force, so the consistency of DCeph and DTRGB on a galaxy-
by-galaxy basis places a limit on ∆G/GN . We use the same
51 galaxies from NED-D as D19, but make three modifica-
tions to the test. First, we standardise the TRGB distances
to a common value of the absolute magnitude MI , either
−4.047 (F20) or −3.963 (Y19), for consistency with those
used in the distance ladder. The distances are calibrated to
MI = −4.1 by default, and this correction has a negligible
impact on the results. Second, we allow a separate ∆G/GN
for the Cepheids and TRGB in a given galaxy. This is mo-
tivated by the environment-dependence of screening mecha-
nisms and the fact that Cepheids and RGB stars occupy differ-
ent regions within their host halos. There is likely some fur-
ther spread within each population, but separate ∆GTRGB/GN
and ∆GCeph/GN is a good first approximation given the un-
certainties involved. Phenomenologically, the result is that
∆GTRGB/∆GN may exceed ∆GCeph/GN when Cepheid cores
are unscreened because the TRGB is less sensitive to the fifth
force than Cepheids. The expectation for ∆D/D is then〈
∆D
D
〉
=
(
1 +
∆GCeph
GN
)− A+2B4
(8)
× 1.021
1 − 0.04663 (1 + ∆GTRGBGN
)8.3891/2 − 1,
where A and B describe the contributions to the distance mod-
ification from unscreening the Cepheid envelope and core re-
spectively (cf. D19 eq. 6). Finally, we now determine the
values of the screening proxies explicitly over the 51 galaxies
in the dataset, rather than using the average unscreened frac-
tions from the R16 (or F19) samples as we did before. This
enables us to pin down more precisely the maximum ∆G/GN
values that the NED-D dataset allows. The proxies are deter-
mined by the same means as in Sec. II. Galaxies with missing
data in NED or EDD are excluded on a proxy-by-proxy basis;
this removes 3 galaxies for MV and Mvir and 8 for W20.
We describe the expected distribution of ∆D/D values us-
ing a Gaussian likelihood:
lnL
(
∆D
D obs
∣∣∣∣∣ ∆GGN , σn
)
= − (
∆D
D obs − 〈∆DD 〉)2
2σ2tot
− 1
2
ln(2piσ2tot),
(9)
where σ2tot ≡ σ2∆D/D + σ2n, σ∆D/D is propagated from the
quoted uncertainties on DCeph and DTRGB, and σn is an ad-
ditional noise term accounting for possible astrophysical con-
tributions to ∆D not captured by the measurement uncertainty.
In screened galaxies we of course expect 〈∆D/D〉 = 0.
5As discussed in D19, in some screening models Cepheid
cores are screened (e.g. chameleons), while in others, such as
the baryon–dark matter interaction model, they are not. We
find that although the constraint on ∆GCeph/GN depends sen-
sitively on whether or not Cepheid cores are unscreened (it
is much tighter if they are), the constraint on ∆GTRGB/∆GN
does not. This is illustrated in Fig. 3, which shows the 3D
corner plot of the constraints on ∆GCeph/GN, ∆GTRGB/∆GN
and σn for an example case in which 30% of the galaxies are
unscreened, for Cepheid cores screened (left) or unscreened
(right). The third column of Table III lists the maximum val-
ues of ∆GTRGB/∆GN for each of the proxies from this test,
showing that values up to ∼0.2 are allowed. As in D19, we
use 5σ limits due to the possibility of systematic errors in the
test stemming from combining inhomogeneous data sets and
treating them as independent. These values may be statisti-
cally allowed in a fully self-consistent comparison of Cepheid
and TRGB distances, which we leave for future work.
C. Effect on H0
The remaining columns of Table III give the best-fit values
of H0, their uncertainties and the resulting discrepancies with
Planck. These are illustrated in Fig. 1: the left panel shows Hˆ0
as a function of ∆GTRGB/∆GN for each screening model (the
lines become dashed gray where they exceed the correspond-
ing ∆GTRGB/∆GN limits), while the right panel shows Hˆ0 and
its 1σ uncertainty at the maximum allowed ∆GTRGB/∆GN.
We start from the Y19 rather than F20 H0 value simply be-
cause this sets a harder task for our models. We see that
the majority of our models are nevertheless able to achieve
full consistency with Planck—indeed, some require signifi-
cantly smaller ∆GTRGB/∆GN than they are permitted by the
Cepheid–TRGB distance test. The luminosity-based model is
the most effective because in that model all bar one of the SN
calibrators in the F19 sample are screened (Fig. 2 top left).
IV. DISCUSSION
In this section we provide more detail on systematic uncer-
tainty in our analysis and discuss ways in which the fifth force
scenario may be further investigated in the future.
An important role in our framework is played by the sta-
tistical consistency of distance measurements using Cepheids
and the TRGB to galaxies where both are observed. This is
the most stringent test we have identified for bounding modi-
fications to the strength of gravity within these stars. Cepheid
and TRGB distances have previously been compared ([32]
and F19) but the comparison has not been used to make de-
tailed statements about possible systematics or new physics in
their relation. F19 note that the dispersion of DCeph − DTRGB
is larger than the errorbars, leading them to suggest that the
latter may be underestimated. We quantify this with the astro-
physical noise parameter σn, which in support of F19 we find
to be clearly greater than 0. Our model does however effec-
tively apportion extra error equally to both DCeph and DTRGB,
whereas F19 argue that the extra uncertainty is likely to be
mainly in DCeph. We also assume that both the measurement
errors and extra noise term are Gaussian. It is therefore pos-
sible that our use of this test is affected by systematic error,
and our constraints should be revisited in light of future more
precise measurements and/or better understanding of the un-
certainties involved. Were our scenario correct, we would
expect ultimately to find TRGB distances normalised higher
than Cepheid distance in galaxies with low mass or in low
density regions.
While our decision to set the screening thresholds in our
models to the MW values ensures consistency with the re-
sults on Cepheid-calibrated H0 in D19, the details of how the
fifth force must function to lower H0 in the Cepheid vs TRGB
cases has the potential to strongly constrain our scenario. In
particular, if the TRGB luminosity is calibrated (as currently)
with the LMC, the RGB stars of the LMC must be unscreened
for our mechanism to work. However, the Cepheids that cali-
brate the PLR must be screened. These are mainly within the
MW and NGC 4258, calibrated by parallax and a water maser
respectively, although SH0ES also considers Cepheids in the
LMC with distances calibrated from detached eclipsing bina-
ries (R16). In the simplest scenario where degree of screening
is common to an entire galaxy, one would expect that if the
TRGB feature in the LMC is unscreened then the Cepheids
would be too, and hence that the SH0ES pipeline using only
the LMC as distance anchor would infer a significantly lower
value of H0, closer to the “true” CMB value. This does not
appear to be the case (R19). A strengthening of the LMC-
only SH0ES result would force us to consider the possibility
that RGB stars in the LMC are unscreened while Cepheids
are screened. This could possibly derive from their differ-
ent positions within the LMC halo: Cepheids are typically
located nearer the centres of galaxies than RGB stars, in re-
gions of higher density. The precise details of this are model-
dependent. A more stringent consistency test could also be
devised from a sizeable sample of galaxies with simultaneous
TRGB, Cepheid and SN measurements.
The next milestone in the measurement of H0 by the TRGB
method will be the calibration of MI using stars in the MW
with parallaxes measured by Gaia (F19, F20). If these stars
are screened due to the denser environment of the MW rela-
tive to the LMC, our model would predict that the resulting H0
value would be significantly lower than is currently attained.
In fact, if some of the SN hosts’ TRGBs are unscreened but
all of those calibrating MI are screened, we would expect the
best-fit H0 to lie below HCMB0 due to our screening modifica-
tion acting in the opposite direction. In general, differences
between H0 values derived with different calibrators provide
important information on our theory.
In D19 and [33] we identified the baryon–dark matter in-
teraction model, with a screening mechanism governed by the
local dark matter density ρDM, as particularly promising for
lowering H0 without conflicting with other observations. To
include this here we would require a model for the distribu-
tion of RGB stars within their host halos. This is not currently
available, but may become so with more precise future obser-
vations. For now we simply note that we expect this model to
6give results within the range covered by the screening proxies
we do consider.
We have now shown that the action of a screened fifth
force has the potential to reconcile the local distance ladder
calibrated using either Cepheids or TRGBs with the CMB.
There remain however other low-redshift measurements of
H0 that indicate a Hubble rate higher than Planck. The most
precise of these is the H0LiCOW measurement using strong
lensing time delays of distant quasars, which currently yields
H0 = 73.3+1.7−1.8 km s
−1 Mpc−1 [12]. We would expect the strong
lenses around which the time delays accumulate to be predom-
inantly screened due to their large mass, so that our models
would not appreciably alter this result. It may be possible to
extend the models to include modifications to lensing in high
density regions, but more likely our scenario would have to
rely on systematic error within the H0LiCOW pipeline (e.g.
[34–36]). Should other methods independently achieve strong
inconsistency with Planck, the fifth force framework would
need to be extended to them too.
V. CONCLUSION
Most proposed resolutions of the Hubble tension based on
new physics alter the universe’s pre-recombination expansion
history. In past work we have suggested a post-recombination
solution: a modification to the physics governing the stars
that calibrate the local distance ladder. In particular, the fifth
forces that are expected to arise in theories beyond GR can
shift the normalisation of the Cepheid period–luminosity re-
lation, introducing a bias in the inferred H0 value if the cal-
ibration and SN host galaxies are differently screened [1].
Here we show that the same models can lower the Hubble
constant inferred from the TRGB calibration of the distance
ladder if the stars used to calibrate the TRGB magnitude (in
our case in the LMC) are unscreened, but some of those in
SN host galaxies are not. We find that fifth force strengths
∆GTRGB/∆GN ' 0.2 are able to ‘correct’ the TRGB H0 value
derived by [20] to the Planck value. These ∆GTRGB/∆GN val-
ues are allowed by the consistency of Cepheid and TRGB dis-
tances to common galaxies, which is the most stringent test
we have devised for this scenario. If [8] uses a more accurate
extinction model for the LMC than [20], then even smaller
values ∆GTRGB/GN ' 0.1 are required.
While more work is required to further constrain the
strength of gravity in RGB and Cepheid stars, and extend the
framework to other low-redshift probes of H0, our results sug-
gest that screened fifth forces—generic in extended gravity
and dark energy models—may offer a solution to the Hubble
tension.
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Appendix A: Gravitational properties of TRGB hosts and
effects on H0
Tables I and II list the galaxy and halo properties of the F19
sample respectively, determined by the methods of Sec. II.
The proxy values are plotted along with their uncertainties in
Fig. 2. Table III shows the effects of the models on Hˆ0, ∆Hˆ0
and σH0 for the maximum ∆GTRGB/∆GN allowed at 5σ by the
Cepheid vs TRGB distance test. Illustrative corner plots for
the constraints derived from this test are shown in Fig. 3, for a
galaxy unscreened fraction of 0.3 and separately for Cepheid
cores screened (left) or unscreened (right).
8Name RA/Dec (J2000 ◦) µ ∆µ ∆mSN MV ∆MV W20/km/s ∆W20/km/s
LMC 80.89 / -69.76 18.48 0.02 — -18.30 0.20 77 20
MW — 0 0 — -20.60 0.50 169 50
M101 210.80 / 54.35 29.08 0.04 0.03 -21.30 0.20 194 5
M66 170.06 / 12.99 30.22 0.04 0.07 -22.40 0.40 381 5
M96 161.69 / 11.82 30.31 0.04 0.06 -22.50 0.20 366 7
N4536 188.61 / 2.19 30.96 0.05 0.04 -22.97 0.20 353 6
N4526 188.51 / 7.70 31.00 0.07 0.04 -22.30 0.20 342 30
N4424 186.8 / 9.42 31.00 0.06 0.06 -19.20 0.20 95 5
N1448 56.13 / -44.64 31.32 0.06 0.04 -21.99 0.23 414 7
N1365 53.40 / -36.14 31.36 0.05 0.03 -23.00 0.20 404 5
N1316 50.67 / -37.21 31.46 0.04 0.027 -23.69 0.17 573 30
N1404 54.72 / -35.59 31.42 0.05 0.046 -22.38 0.13 352 30
N4038 180.47 / -18.87 31.68 0.05 0.15 -21.84 0.19 294 8
N5584 215.60 / -0.39 31.82 0.10 0.05 -21.00 0.20 215 5
N3021 147.74 / 33.55 32.22 0.05 0.05 -21.20 0.20 291 8
N3370 161.77 / 17.27 32.27 0.05 0.05 -21.20 0.20 287 12
N1309 50.53 / -15.40 32.50 0.07 0.04 -20.8 0.20 161 6
TABLE I. Properties of the F19 TRGB sample (plus the MW). µ (distance modulus to galaxy) and ∆mSN (uncertainty in SN apparent magnitude)
are transcribed from F19, galaxy visual absolute magnitude MV is obtained from the Nasa Extragalactic Database (NED) and galaxy HI
linewidth W20 is obtained from the Extragalactic Distance Database (EDD).
9FIG. 2. The screening proxies of V-band luminosity, velocity dispersion of hydrogen gas, halo virial mass, and external potential, acceleration
and curvature over the SN host galaxies in the F19 TRGB sample. The LMC and MW are shown separately by the horizontal red and magenta
lines, and the green dashed line shows the average over the R16 Cepheid hosts. Galaxies lying above the magenta line are considered screened
(we suppress the MW errorbar for visual clarity, but see D19 fig. 3). The ordering of the galaxies is as in Table I (starting with M101). The
subpanels of the environmental screening plots (right column) correspond to the three different distances out to which we include contributions
from masses: 0.5 Mpc (lower), 5 Mpc (middle) and 50 Mpc (upper). The asymmetric errorbars indicate the minimal width enclosing 68% of
the Monte Carlo model realisations.
10
FIG. 3. Corner plots for ∆G/GN for Cepheids and TRGB, and additional noise σn in the comparison between Cepheid and TRGB distances.
These particular constraints assume 30% of the sample is unscreened. Left: Cepheid cores screened, Right: Cepheid cores unscreened.
Name log(R/kpc) ∆ log(R/kpc) log(c) ∆ log(c) log(V/km/s) ∆ log(V/km/s) log(M/M) ∆ log(M/M)
LMC 2.28 0.12 1.07 0.30 1.98 0.12 11.61 0.37
MW 2.37 0.12 1.07 0.27 2.24 0.12 11.94 0.37
M101 2.61 0.13 0.97 0.23 2.31 0.13 12.60 0.39
M66 2.86 0.17 0.90 0.18 2.56 0.17 13.36 0.50
M96 2.90 0.14 0.87 0.18 2.60 0.14 13.46 0.41
N4536 3.02 0.14 0.84 0.16 2.72 0.14 13.81 0.42
N4526 2.84 0.14 0.90 0.19 2.54 0.14 13.28 0.42
N4424 2.34 0.13 1.07 0.27 2.04 0.13 11.78 0.38
N1448 2.76 0.15 0.95 0.20 2.46 0.15 13.05 0.45
N1365 3.02 0.14 0.84 0.16 2.72 0.14 13.83 0.43
N1316 3.20 0.14 0.80 0.16 2.90 0.14 14.37 0.43
N1404 2.85 0.13 0.90 0.18 2.55 0.13 13.32 0.40
N4038 2.72 0.13 0.96 0.20 2.43 0.13 12.94 0.40
N5584 2.56 0.13 1.02 0.23 2.26 0.13 12.44 0.39
N3021 2.59 0.13 0.99 0.23 2.29 0.13 12.54 0.40
N3370 2.60 0.13 0.99 0.23 2.30 0.13 12.55 0.39
N1309 2.52 0.12 1.01 0.22 2.22 0.12 12.34 0.36
TABLE II. Halo properties of the galaxy sample, estimated by abundance matching to MV (see Sec. II). Size R, rotation velocity V and enclosed
mass M are evaluated at the virial radius.
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Proxy Unscreened fraction ∆G/GN Hˆ0 / km s−1 Mpc−1 ∆Hˆ0 / km s−1 Mpc−1 σH0
— — 0 72.4 2.0 2.4
Φ0.5 0.85 0.14 71.8 2.0 2.1
Φ5 0.10 0.25 62.8 1.9 -2.4
Φ50 0.36 0.18 69.3 2.2 0.9
a0.5 0.38 0.18 68.8 2.3 0.6
a5 0.27 0.19 67.4 2.2 0.0
a50 0.43 0.17 69.3 2.1 0.9
K0.5 0.40 0.18 68.8 2.1 0.7
K5 0.30 0.19 67.9 2.0 0.3
K50 0.27 0.19 67.7 2.0 0.1
Lgal 0.04 0.28 59.5 1.6 -4.6
W20 0.14 0.23 64.5 2.0 -1.4
Mvir 0.20 0.20 66.8 2.1 -0.3
TABLE III. The effect of various screening proxies on the value of H0 inferred from the TRGB-calibrated local distance ladder, assuming
the maximum ∆GTRGB/∆GN at the 5σ limit of that allowed by the Cepheid vs TRGB distance test (separately for each proxy). The first row
indicates the Y19 result. As described in the text, the threshold value for screening under a given proxy is given by the MW’s value for that
proxy. σH0 is the discrepancy of the resulting H0 constraint with the CMB. Most models are able to achieve full consistency with Planck.
